Using protein design to dissect the effect of charged residues on metal binding and protein stability.
Ca2+ controls biological processes by interacting with proteins with different affinities, which are largely influenced by the electrostatic interaction from the local negatively charged ligand residues in the coordination sphere. We have developed a general strategy for rationally designing stable Ca2+- and Ln3+-binding proteins that retain the native folding of the host protein. Domain 1 of cluster differentiation 2 (CD2) is the host for the two designed proteins in this study. We investigate the effect of local charge on Ca2+-binding affinity based on the folding properties and metal-binding affinities of the two proteins that have similarly located Ca2+-binding sites with two shared ligand positions. While mutation and Ca2+ binding do not alter the native structure of the protein, Ca2+ binding specifically induced changes around the designed Ca2+-binding site. The designed protein with a -5 charge at the binding sphere displays a 14-, 20-, and 12-fold increase in the binding affinity for Ca2+, Tb3+, and La3+, respectively, compared to the designed protein with a -3 charge, which suggests that higher local charges are preferred for both Ca2+ and Ln3+ binding. The localized charged residues significantly decrease the thermal stability of the designed protein with a -5 charge, which has a T(m) of 41 degrees C. Wild-type CD2 has a T(m) of 61 degrees C, which is similar to the designed protein with a -3 charge. This decrease is partially restored by Ca2+ binding. The effect on the protein stability is modulated by the environment and the secondary structure locations of the charged mutations. Our study demonstrates the capability and power of protein design in unveiling key determinants to Ca2+-binding affinity without the complexities of the global conformational changes, cooperativity, and multibinding process found in most natural Ca2+-binding proteins.